ABSTRACT
InTRoduCTIon
Lumbar microdiscectomy (LM) is one of the most common spinal procedures, and is usually performed under general anesthesia (GA) (18) . However, spinal anesthesia (SA) provides a safe and highly satisfactory alternative to general anesthesia in patients undergoing limited lumbar surgery (17) . There is an increased risk of cardiac, respiratory, renal complications together with increasing age, duration of surgery and the use of general anesthetic as in cases undergoing high-risk colorectal surgery (26) . In contrast, the risk associated with spinal anesthesia (SA) is rare and generally minor (25). In addition, SA may reduce the length of hospital stays and overall costs (18) .
In general, SA has been shown to carry a very low risk of serious complications. Reports of serious complications occurring when spinal anesthesia is applied in lumbar surgery are also rare, but have still stirred concerns about the technique (3, 9) . General endotracheal, spinal, and epidural anesthesia has been studied with respect to lumbar spine surgery.
Insufficient data have been provided in the literature concerning the comparative study of SA and GA in patients who have undergone LM. The aim of this study was to compare the safety and efficacy of the intraoperative parameters and postoperative outcomes associated with SA and GA in patients undergoing LM surgery.
MATeRIAl and MeThodS
The present analysis was a retrospective cross-sectional study. We evaluated 180 patients who underwent LM between 1 January 2012 and 5 July 2013 at the Department of Neurosurgery, Izzet Baysal State Hospital (Bolu, Turkey). The approval of the hospital management was obtained. Demographic, clinical, laboratory, and pre-, intra-, and postoperative information was determined from the patients' medical records. Patients with (1) prior lumbar surgery, (2) no protected airway (due to issues such as morbid obesity, sleep apnea), (3) local infection, or (4) coagulopathy were excluded from the analysis.
Patients were positioned in the prone position with their head turned to one side, and those anesthetized with SA were asked if they were "comfortable" before the induction of sedation. An anesthesiologist administered all the spinal and general anesthesia procedures. Patients within each group were anesthetized using a similar method. The 90 patients receiving GA were induced with propofol (2 mg/kg), fentanyl (5 mg/kg), and vecuronium 0.1 mg/kg. Meanwhile, N 2 O/O 2 (2:1), isoflurane (0.3%) and fentanyl 1.2 mg/kg/hour were used for maintenance of anesthesia. The 90 patients receiving SA were induced with a single injection at the L3-4 intervertebral disk space via a Quincke 25-gauge spinal needle and injection of 3 mL 0.75% bupivacaine 8.5% dextrose solution in the subarachnoid space. During the operation, the patients were sedated with the required propofol infusion at 25 to 50 μg/(kg min) i.v. On completion of the operation, propofol was discontinued, and the patient was rolled to the supine position.
All discectomies were performed by the same surgeon in the records. The patients underwent typical one-or twolevel microdiscectomy; no patient had a radical excision of the disc involving curettage of the disc space. In all patients, postoperative pain was controlled with parenteral analgesics for 24 hours. The postoperative rehabilitation protocol included walking within 6-8 hours after the operation, stretching exercises in 10 days, returning to work in 6 to 8 weeks, and permission for sports in 4 to 6 months in the GA group. In the SA group, most patients did not require postoperative analgesics, but their mobilization was later than that of the GA group.
Statistical Analysis
Statistical analysis was performed using IBM SPSS ver. 17 .0 (IBM Co., Armonk, NY, USA). Demographic and clinical variables were compared among the groups using the Chi-square and independent t-tests. A P-value <0.05 was considered statistically significant.
ReSulTS
The study population consisted of 180 patients (Tables I,  II) . Demographic and clinical characteristics of the patients in the SA and GA groups are summarized in Table III . There were no statistically significant differences between the two groups with respect to age, gender, preoperative heart rate, preoperative mean arterial pressure, or level of herniation. Total anesthetic times were longer in the GA group compared with the SA group (p< 0.01). There were no episodes of excessive hemorrhage in either group, and no patient required transfusion either for acute blood loss or hemodynamic instability. However, there was less bleeding at the incision site in the SA group. İntraoperative blood pressure was significantly also lower in the SA group (p<0.0001). Meanwhile, tachycardia was significantly higher in the GA group (p<0.0001).
Early complications postoperative for SA group and GA group were showed in Table IV . The analgesic requirement in post-anesthesia care unit (PACU) was higher in the general anesthesia group than the spinal group. CSF fistula from puncture site occurred in 5 patients during surgery. However, postoperative problems did not occur.
At PACU admission, analgesic requirement, heart rate, and the mean arterial pressure (MAP) were higher in the GA group compared with the SA group (respectively, p<0.0001, p<0.002). Postoperative nausea and vomiting was more frequent among patients recovering in general anesthesia group (p<0.0001). There was no neurological deficit in either group. SA patients had an increased incidence of urinary retention compared with GA patients (p<0.0001). Pulmonary complications requiring specific treatment were insignificantly higher among GA patients compared with SA. The rates of early complications such as discitis, ileus, wound infection, and phlebitis rate were similar in the two groups.
dISCuSSIon
The main findings of the present study were that anesthesia duration, nausea and vomiting, analgesic requirements, and complications were significantly lower in patients in the SA group compared with GA group. SA is a technique that reduces intraoperative bleeding, supplies perioperative hemodynamic stability, and reduces postoperative pain. Moreover, it reduces nausea, emesis, and thromboembolic complications. In particular, it prevents the neurological complications related to the prone position in GA. Postoperative pain control and other benefits show that SA is a useful technique for lumber surgery and should be preferred above GA (4, 5, 12, 14, 21) . The type of anesthesia with patients before surgery was discussed and the patient was allowed to choose. There were a few nervous and excited cases among patients with spinal anesthesia. In these patients, mild sedation was adequate.
Ledowski et al. (15) indicated that mucociliary clearance can be damaged under GA; because of this, secretions can increase and atelectasis and infection in the down respiratory tract may develop. Moreover, Papadopoulos et al. (20) , compared SA and GA in 43 patients in whom LM was planned. They indicated that there was less vomiting in the epidural anesthesia group, and therefore that SA is a good alternative to GA. In the present study, vomiting was significantly higher in patients with GA. Even if not significantly so, pneumonia and atelectasis are more common in the GA group. Sadrolsadat et al. (24) compared spinal and general anesthesia in lumbar disc surgery, and reported less bleeding under SA and more complications in GA patients. In our study, we observed less bleeding complications and better bleeding control in SA patients. It can be said that this occurred because MAP is less in the SA group than the GA group.
The limited time for SA can narrow the time of the surgery. When SA duration is insufficient for the completion of surgery, The researchers suggested that SA is at least comparable with GA in terms of safety and efficacy, and that it may be superior to GA in some ways.
Sadrolsadat et al. enrolled 100 patients in their study, all of which were awaiting laminectomy for herniated lumbar disks at 1 to 2 levels (24). The researchers reported that in patients administered SA, there was a lower prevalence of nausea and vomiting in the following day of the surgery, shorter recovery time, and lower need for analgesics during the recovery period. The patients in the GA group were reported to have intraoperative hypotension, as well as nausea and vomiting (in the recovery room), less frequently than the other group. The surgeons were also more satisfied with this method. They concluded that each method has its own preferred characteristics and did not support SA as the preferred method. Hassi et al. reported on 77 cases of spinal anesthesia in a 9-month period for lumbar laminectomy or herniated disc surgeries in the knee-chest posture (9) . They found that operating conditions were good or excellent in 66 patients (85.7%). No intra-or postoperative complications other than six cases of transient hypotension occurred. The researchers suggested that instead of having definite advantages, SA cannot be recommended in all cases, especially in long surgery times. Moreover, it should be mentioned to patients that GA is an option. In addition to all these, after spinal anesthesia, muscle test for extensor hallucis longus (EHL) cannot be done during 4-5 hours. Therefore, EHL test can be done after this time.
In another study, McLain et al. presented the current anesthetic technique for patients undergoing microdiscectomy and compared the peri-and postoperative outcomes in 76 patients drawn from a case-controlled study group (17) . Patients underwent microdiscectomy under spinal (43 patients) or general anesthesia (33 patients). The researchers demonstrated that SA patients needed less analgesic treatment and showed less nausea and emesis. Moreover, in young and fit patients, SA supplied specific advantages over GA, including decreased anesthesia time, decreased nausea and antiemetic requirements, reduced analgesic requirements, fewer complications, and shorter hospital stays. Thus, surgeon and patient satisfaction with SA is high.
Dagher et al. investigated the amount of analgesia and recovery in LM surgery after SA compared to GA. Following light sedation, they performed SA in patients in the left lateral decubitus position, one to two levels above the herniated disc level (3). They have found that in the SA group, pain scores at 4 and 8 h and analgesic needs were lower. Time to eating, drinking, and walking was more rapid in SA compared to GA. After the postoperative period, urinary retention was similar between groups but the incidence of nausea and vomiting was significantly higher in the GA group. Moreover, patient and surgeon satisfaction was higher in the SA group (3). In our study, we found that there are significant advantages to spinal anesthesia compared to general anesthesia. Operation and total anesthetic times were shorter for the SA group.
an additional local anesthetic agent may be needed in the epidural or intradural spaces. Headache and urinary retention are the postoperative complications of SA. The blockage of S2-S4 roots with the local anesthetic reduces bladder tonus and inhibits miction reflexes. Patients must be followed for miction if a postoperative catheter is not used. Continuing urinary dysfunction may be the result of neurological damage (6) . In the present study, patients under SA did not need additional anesthesia. Additionally, urinary retention occurred in four patients. However, the problem was resolved with the help of a temporary catheter. Additionally, we have preferred spinal anesthesia instead of epidural anesthesia. Epidural anesthesia has disadvantages such as more drug dose, an indwelling catheter, longer onset of analgesia, the piercing of the spinal cord, inadequate neuromuscular block.
Some problems can occur in lumbar microdiscectomy patients because of position. Nerve ischemia occurs because of tension and direct pressure on the ulnar, median, radial, brachial plexus, and axillary nerve; peripheral nerve damage is more likely occur more under GA than SA (7, 16, 29) . Moreover, damage to the lingual, buccal, and supraorbital nerve, phrenic nerve damage due to extension and rotation of neck, damage to the dorsal nerve of the penis, and recurrent laryngeal nerve damage have also been reported (11, 23, 30, 31) . In addition, in the prone position under GA, face, ear, breast, and genital injuries can occur, as well as skin necrosis (1, (22) (23) (24) (25) (26) (27) (28) . In another study, periorbital edema, puffiness in the lips, and contact dermatitis in the face have been mentioned as associated with the prone position in GA (13) . Muscles are relaxed under GA in the prone position, such that shoulder and cervical dislocations have been mentioned (2, 27) . In addition, optic neuropathy and blindness have been reported (8, 10) . However, we did not observe any neurological complication in GA patients in terms of intraoperative positioning.
Others have found SA to be safe and effective. Silver et al. used spinal anesthesia at Hartford Hospital for more than 9,000 disc operations over a 35-year period (25). They reported the results from a sample of this patient population. Of the 611 procedures studied, 576 were performed under spinal and 35 under general anesthesia. The single serious complication did not seem attributable to the choice of anesthetic method. Minor neurological complications, with the exception of spinal headache, could be explained by surgical manipulation. The authors concluded that SA is safe for surgical operations on lumbar discs. In another work, McLain et al. presented a case-controlled, comparative study of 400 patients undergoing lumbar surgery who were treated with either spinal or general anesthesia (17) . In their study, overall complication rates and time to discharge were significantly lower in SA patients. Moreover, total anesthetic and operative times were significantly longer for GA patients. In addition, perioperative heart rates and mean arterial pressures were higher in GA than in SA patients. Significantly more GA patients experienced nausea requiring antiemetic medication and urinary retention. SA patients had fewer spinal headaches but statistical significance was not supplied. Moreover, postoperative nausea and emesis were more frequent among patients in the GA group recovering in PACU, while the number of patients with pain requiring analgesics was lower in the SA group. At PACU admission, heart rate and MAP were higher in the general group compared with the spinal group. SA patients had an increased incidence of urinary retention compared with GA patients. As further forward, spinal anesthesia advantages include patients selfpositioning, less distention of the epidural veins providing an excellent surgical field, establish a dialogue with the surgeon's patients facilitating decompression. However, experience shows the prolonged operation performed in the prone position under spinal anesthesia increase the surgeon's stress and anxiety. Limitation of SA may be L3-L4 level patients. In these patients may need to increase the dose of spinal anesthesia. We believe that spinal anesthesia is appropriate in such cases pure discectomy, primary discectomy, recurrent, stenosis and deformity.
In conclusion, in patients who undergo lumbar disc surgery, SA is a good alternative for experienced surgeons. This is because of the side effects of GA mentioned above, as well as the absence of nausea, vomiting, and postoperative pain in SA. Thus, post-operative patients experience a more comfortable healing process when SA has been used.
